Introduction
The success of human and embryo implantation depends on maternal and embryonic factors and their interactions. To asses uterine receptivity one must take various factors into account. Current advances in transvaginal 3D ultrasonography have allowed us to examine in detail and visualize pelvic organ structures to analyse their volumes with great accuracy (Alcazar et al., 2006 ) , (Raga et al., 1999 ) . It is reasonable to believe that an analysis of power Doppler signals in a volume better reflects the overall vascularization in an organ than analysis of a two-dimensional (2D) ultrasound image or measurement of blood flow velocity in a single or a few vessels. Using 3D Power Doppler Angiography we can assess both arterial and venous circulation also the whole architecture of the vascular net into a volumetric image with the posibility of an overall evaluation of blood flows , and computer analysis makes this assessment objective (Jokubkiene et al., 2006) . The VOCAL (Virtual Organ Computer -aided Analysis) and volume calculation is semi-authomatic type of calculating volumes starting from the rotation of the organ target of study. Allows to calculate partial volumes and at the same time the of vascular system and flows into the region of interest. Two dimensional Doppler sonography provides a subjective estimation of uterine and ovarian vascularity. Is it limited, however, by providing flow depiction in a single plane as opposed to the sample volume as obtained by free dimensional imaging. Therefore, three dimensional ultrasound and power Doppler angiography (3D US-PDA) have advantage of assessing simultaneously both the endometrial blood flow and endometrial volume (EV) (Merce et al., 2008 ) and improves better traditional ultrasound scanning imaging with the posibility of storing information for further analysis or share datasets through telemedicine. The follicular blood flow seems to play a major role during the growth and development of the follicle containing the oocyte (Chui et al. ,1997 ) , (Coulam et al.,1999) . The surge in perifolicullar angiogenesis during selection of dominant follicles and following the LH surge or HCG can be detected by measurment of perifolicular flow/velocities. This allows identification of those follicles likely to produce high quality eggs and embryos. 3D surface 74 rendering at 4xmagnification can show the blood vessels in the follicular wall and can identify features incompatible with successfull oocyte retrieval (Cambell,2010).
Evaluation of endometrial receptivity
Failure of implantation remains the main reason why most IVF treatment fails to result in pregnancy. Angiogenesis plays a critical role in various female reproductive processes such as development of dominant follicle, formation of a corpus luteum, growth of endometrium and implantation. A good blood supply towards the endometrium is usually considered as an essentials requirement for implantation. The ability to identify a receptive uterus prospectively by a noninvasive method would have an invaluable clinical impact on treatment efficiency and succes rates. This chapter explores the role of transvaginal three dimensional ultrasound (3d US) and 3D power -Doppler ultrasound (3D-PDA) in evaluation of endometrial receptivity.
Technical aspects and three dimensional data analysis
3D US images can be obtained by two methods: freehand and automated. The freehand method requires manual movement of the transducer through the ROI. The automated method acquires the images using dedicated 3D transducers. When these probes are activated, the transducer elements automatically sweep through the ROI selected by the operator (the socalled "volume box") while the probe is held stationary. This provides more accuracy to this method as compared with the freehand systems, in which speed of sweep is more difficult to maintain constant manually by the operator. The digitally stored volume data can be manipulated and presented in various displays: multiplanar display, "niche" mode or surface rendering mode. Probably, the most used and useful display is multiplanar display, which simultaneously shows three perpendicular planes (axial, sagital and coronal), allowing navigation through these three planes with the possibility of switch over any desired plane (Alcazar et al, 2006) . There are two basic methods employed to calculate volume from a three dimensional dataset :the convencional ,,full planar,, or ,,contour,, method and the more recently introduced ,rotational,, method possible through the VOCAL -imaging program (Virtuala Organ Computer aided analysis).This rotational method based on rotations in given steps (6°, 9°, 15°, 30°) on a given orthogonal plane (A, B or C).Vascularization of tissues within the ROI can be also assessed using 3D Power -Doppler ultrasound (3D PDA) and the VOCAL program. Three Indices of vascularity are calculated: the Vascularization Index (VI) reflects the ratio of power Dopler information within the total dataset relative to both colour and grey information, the Flow Index (FI) represents the mean power Doppler signal intensity and the Vascularisation Flow index represents a combination of the two (Pairleitner et al., 1999) . Using the ,,shell,, function it is possible to calculate a volume at different thickness around the predetermined endometrium and estimate the vascularization in this ,,shell,,.This allows the assessment of the so-called ,,subendometrial region,, (Alcazar et al, 2006) .
Results and authors studies
The pregnancy outcome of frozen embryo transfer is known to be dependent on multiple clinical and embryological factors, including the age of the woman at IVF/ICSI treatment; (Salumets et.al, 2006 ) , (Wang et. al, 2001) , the method of oocyte fertilization used (Van Steirteghem et. Al , 1994 ) , (Salumets et al., 2006 ) , the developmental stage of embryos at freezing (Salumets et al., 2003 ) , the embryo quality before freezing (Schalkoff et al., 1993 ) , the extent of embryo damage after thawing (Edgar et al., 2000 ) and the resumption of post-thaw 75 blastomere divisions (Van der Elst et al., 1997 ) . On the other hand the risk of pregnancy loss is similar after cryopreservation and fresh IVF or ICSI (Aytoz et al., 1999) and embryo morphology is not related to the miscarriage rates in any of the treatment modalities studied (Veleva et al., 2008 ) . Several ultrasound parameters of the endometrium and the evaluation of uterine and endometrial blood flow have been proposed for assessing endometrial receptivity, including endometrial thickness, endometrial pattern and endometrial and subendometrial blood floow and considered as implantation markers in vitro fertilization (IVF) and embryo transfer cycles. These parameters may identify patients with low implantation potential. However, their positive predictive value is low. No differences were find in endometrial thickness, endometrial volume, endometrial pattern, uterine PI, uterine RI, endometrial and subendometrial 3D power Doppler flow indeces between the nonpregnant and pregnant groups on LH+1(1 day after the LH surge) during frozen -thawed embryo transfer cycles (Ng et al., 2006 ) . Nevertheless another studies suggested any corelations between the thickness of endometrium and pregnancy rate during the treatment with assisted reproductive technology. There was the endometrial thickness decreases as function of the patients age on the day of HCG administration during an IVF cycle. (Amir et.al., 2007 ) . In our study at the time of embryo transfer only the structure of endometrium seems to be of significance and 3D power Doppler ultrasound and steroids levels does not provide us any additional information at this point . The 3D transvaginal ultrasound measurements (Voluson Expert 730, Kretz, Zipf, Austria) were performed on the day of the FET and repeated about one week later, at the time of the expected implantation. The 3D ultrasound technique enabled the determination of endometrial, subendometrial, and ovarian volume, including possible changes in the vascular network. Identical preinstalled instrument settings (frequency, mid; dynamic set, 2; balance, G>170; smooth, 5/5; ensemble, 16; line density, 7; power Doppler map, 5; and the setting conditions for the power Doppler mode were gain, -5.6; quality, normal; wall motion filter, low 1; peak repetitive frequency PRF, 0.9 kHz) were applied for all patients. At the second visit, the power Doppler mode was not used to examine the uterus. During the ultrasound examination, the uterus was first visualized in two-dimensional (2D) B-mode after the patient had emptied her bladder. The power Doppler mode was switched on, and the power Doppler box was positioned to cover the whole uterus. The 3D facility was engaged by switching to 'volume mode. The volume sector angle was preset to 80°, and the fast volume acquisition (low-resolution) setting was selected to avoid artifacts. Thereafter, the ovaries were examined similarly. The ultrasonographic volume data were saved on the hard drive and analyzed later using the built-in virtual organ computer-aided analysis imaging program (VOCAL, GE Healthcare, Zipf, Austria) for 3D power Doppler histogram analysis. The manual mode of the VOCAL Contour Editor was used to cover the whole 3D volume of the region of interest (ROI), with 15° rotation steps. Hence, 12 contour planes were analyzed for each ROI to cover 360°. After obtaining the total volume of the ROI, the program calculated the ratio of color voxels to all the voxels; this ratio (%) was expressed as the vascularization index (VI). The vascularized volume (unit mL) in the endometrium or in the ovary was calculated by multiplying the total volume of the ROI by its VI. The VOCAL program automatically calculated the index for mean grayness (MG) in the ROI, which presents the average grayness in the gray-scale voxels. We have reported only vascularization index and vascularized volume(VI x volume),since only the last one has been shown to reflex corpus luteal function in several studies (Järvelä et al., 2007; Järvelä et al.,2008; Niinimäki et al 2009) .We have not analysed any data concerning VI or VFI , neither do we have any intention to analyse them,because we are unaware what kind of physiological phenomena they reflect (Zackova et al., 2009 ). 
Assessment of endometrial echogenicity
In the recent literature there has been interest in the possible relationship between the degree of endometrial echogenicity an IVF-ET outcome and the cycles sorted into six groups according to the extent of the upward hyperechogenic transformation of the endometrium. In contrast to the similiraty in individual , control ovarian hyperstimulation /COH / and embryology data among groups, they observed a dramatic decrease in clinical and ongoing pregnancy as well as in implantation rates from the lowest to the highest endometrial echogenicity groups. Conversely, no relationship between endometrial thickness on the day of hCG administration and IVF-ET outcome was observed (Fanchin et al., 2001) . This ultrasonographic aspect may be reflection of glandular straightness, reduced glandular secretion, and reduced stromal edema that characterize the proliferative endometrium, with a decreased number of interfaces to ultrasound. Since the echogenity of the secretory endometrium is usually higher than in the surrounding myometrium, we assessed the echogenity in these two areas subjectively and used software to provide the MG values. A strong correlation between these two methods was observed. Future studies will show whether this index has clinical value (Zackova et al., 2009 ).
Color Doppler sonography for the the optimization of follicular vascularity
The 2D color Doppler studies have show that perifolicular blood flow of individual follicles during IVF treatment correlates with oocyte recovery (Nargund et al., 1996) ,oocyte developmental potential (Van Blerkom et al., 1997) , embryo quality (Nargund et al., 1996) , (Chui et al., 1997 ) and pregnancy rate (Coulam et al.,1999) . We analysed relationship between kind of stimulated protokol and cause of sterility to determine ovarian and dominant follicle blood flow characteristics using three dimensional power Doppler ultrasound , grading system of perifollicular vascularity (Chui et al, ,1997 ) and power doppler index PI and RI of dominant follicle artery in the prospective pilot study of 17 women in IVF/ICSI stimulation. Materials and methods. 17 the patients were stimulated in a long protocol (GnRh agonist-Zoladex, Decapeptyl) on 22-th day of their period and subsequently with rekombinant FSH (puregon /gonal pen) 15 days after downregulation / no follicles more than 10 mm, endometrium thickness less than 5 mm and level of Estradiol /E2/ less than 50 pg/ml. We exluded the women, who didn ' t agree with the examination on the day of ovum pick up futher such as women , whose stimulation was stopped for the risk of OHSS, women with the operation of right or left ovary, women with ovarectomy , women with uterine malformation , women with FSH level more than 10 mIU/l in early follicular period or women with ovarian cysts. On the basis of male factor infertility exclusion we provided always ICSI Method. The 3D ultrasound examinations and power doppler sonography of the ovary and dominant follicle we provided on the day HCG (pregnyl) before ovum pick up. All the 3D ultrasound and PDA examinations were carried out by a single observer (T.Z) and all the patients were explored in a gynaecological position using Voluson Expert 760, Kretz, Zipf, Austria equipped with vaginal multifrequency ( from 3 to 9 mHz) volume transducer, which has a 146 ° field of view. The volume of the ovary and dominant follicle, vascularization index /VI/, flow index /FI/, vascularization flow index / VFI / , mean grayness , perifolicular vascularity and PI a RI of the dominant follicle was determined for each ovary separately. The dominant follicle is presented by maximal mean diameter (MD). Follicular volume (FV) was etermined for each follicle according to the sphere formula : FV (ml) = 4,1888 x (MD/2 (cm)) 3 . The power dopler Windows was placed on the maximum longitudinal plane of both ovaries,including the whole ovarian surface. The following Doppler predetermined characteristics were applied in every patient (colour gain from -3 to -7 ,normal colour quality, wall motion filter,low 1, peak repetitive frequency PRF ,0.9 KHz). When an adequate power Doppler signal was achieved, we placed the 3D box to aquire the volume from the region of interest (ROI). The VOCAL imaging program was used tu calculate the ovarian volume and 3D power Dopler indices . Using the manual mode, the contour of the different ovarain slices was traced by taking 15° rotational steps by using the longitudinal plane as the work plane. 3D power Dopller indices were calculated using the histogram facility. Vascularization Index (VI ) is the number of colour voxels in the volume studied, symbolizing in this way the number of vessels arriving to the organ, expressed as a percentage.The Flow Index (FI) is the metan colour value of the colour voxels,thus representing the average blood flow intensity, expressed as a whole number rating from 0 to 100. VFI integrates both vascularization and blood flow (tisues perfusion). It si also expressed as a whole number rating from 0 to 100, and represents color value of grey and colour voxels in the studied ROI (Pairleitner et al., 1999 ). The Grading system (Chui, et al. 1997 ) was used to assess perifollicular vascularity. (a) shows 25% circumferential flow (Grade1); (b) 26-50% flow (Grade 2); (c) 51-75% flow (Grade 3) and (d)75% flow (Grade 4), where follicles of high grade follicular vascularity are associated with grade 3 and 4. The oocyte of the dominant follicle from both ovaries was fertilized by ICSI and observed his embryogeny. The embryos were classified into four morphological grades in accordance with our conventional criteria (Kondo et al., 1996) consisting of blastomere size and the amount of anucleate fragmentation (conventional method): grade 1 (g1), blastomere uniform in size and shape and little or no fragmentation; grade 2 (g2), blastomeres uneven in size and shape and/or fragmentation <10% of the embryonic surface; grade 3 (g3), fragmentation of 10-30% of the embryonic surface; and grade 4 (g4), fragments >30% of the embryonic surface. On the day of ovum pick up we have collected the samples of follicular fluid of dominanat follicle without of blood contamination. After the collecting of samples of follicular fluid of dominant follicle and serum we provided their centrifugate and stored at -40 C until their planned biochemical analysis after the completed collection of the samples at all intended 80 patients. Results .The IVF/ICSI cycle was evaluated in 17 women, among which 5 were pregnant (29.4 %) and 12 non-pregnant (70.6 %). The median age of the women was 32 (range 26-36). The causes of the infertility were male in 12 cases (70.6 %), tubal in 2 cases (11.8 %) and mixed in 3 cases (17.6 %). There were 11 cases (64.7 %) of primary and 6 cases (35.3 %) of secondary infertility.Statistical analysis of the data was performed with R programming language (http://cran.r-project.org), version 2.4.1. We have computed descriptive statistics and p-values of hypothesis tests for comparing the group of pregnant and non-pregnant patients. For continuous data the normality is not assumed because of small sample sizes and asymmetry of the data distribution. The following tables give the median and range (minimum and maximum) of each continuous variable together with the p-value of the twosample Wilcoxon test. For categorical data we list the tables of counts with percentages of cases. To compare the two groups, the p-value of Fisher's exact test is computed (also for tables larger 2 by 2). Ultrasonography and Doppler angiography parameters measured on both ovaries are analyzed for each ovary separately.There is no significant difference between groups in the age of patients, type and causes of infertility and other general and clinical characteristics. In the group of pregnant women, there is a significantly larger number of grade 1 embryos on transfer day, a significantly larger flow index dx and there is a significant difference in the degree of morphological preimplantation quality of the 1. and 2. transferred embryos and in the degree of perifollicular vascularity of the right follicle dx. Other variables yield a non-significant difference between the pregnant and non-pregnant group because of small sizes of the data samples; however the p-values are near the 5%-level for the vascularization index and vascularization flow index, for which the observed values have the tendency to be larger for pregnant women and a future research with a larger number of patients is intended to attain significant results. Implications. The follicular vascularity assesment with 3D ultrasonography and PDA of ovaries may represent a possible predictors of the the outcome of assisted conception therapy. Future research with a larger number of patients is intended to attain significant results ant to confirm these findings . Fig. 6 . Assessment of the ovarian volume by the virtual organ computer-aided analysis (VOCAL). Using the manual mode, the contour of different ovarian slices was traced by rotational steps every 15 ° taking the longitudinal plane as the work pattern. 
Parametrs
Pregnant ( 3. 2 (100.0) 0 (0.0) Table 4 . Perifollicular vascularity grading score on the HCG day in relation to IVF/ICSI outcome. Date are presented as mean +/-standart deviation. Grading system (Chui, et al. 1997 ) used to assess perifollicular vascularity. Fig. 8 . Dominant follicle volume calculation by using the VOCAL software after threedimensional ultrasound. The dominant follicle is presented by maximal mean diameter (MD). Follicular volume (FV) was determined for each follicle according to the sphere formula : FV (ml) = 4,1888 x ( MD/2 (cm))3.
Conclusions
Developments in infertility treatment assisted reproduction methods are directed to transfer a single high quality embryo, while maintaining a high standard of treatment success. In this context, in recent years recede into the background, the standard "stimulation protocols using higher doses of FSH, often with a higher number of oocytes. The importance of more and more become "soft stimulation protocols aimed at, although a smaller number of growing follicles, which are a source of high-quality oocytes. The Natural / Mild IVF managment / ISMAAR / requires greater understanding of medical physiology, follicular growth and endometrial receptivity, which can be investigated using high-quality 2D and 3D ultrasound Dopler ultrasound and ultrasound, as evidenced by the results of our work. In this context, early identification of high-quality follicles might serve as one means of enabling a timely selection of oocytes and embryos with high developmental competence and the hope of a successful implantation. The follicular vascularity assessment with 3D ultrasonography and PDA of ovaries may represent a possible predictors of the the ooutcome of assisted conception therapy. Future research with a larger number of patients is intended to attain significant results and to confirm these findings . Definition of new applications of 3D ultrasound in the diagnosis of women enrolled in the program of assisted reproduction and the definition of predictive factors in the evaluation of the oocyte quality would have a significant contribution to our everyday clinical practice.
